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Abstract—A reconfigurable wideband and multiband C-Slot
patch antenna with dual-patch elements is proposed and studied.
It occupies a compact volume of 50 50 1.57 (3925 mm ),
including the ground plane. The antenna can operate in two
dual-band modes and a wideband mode from 5 to 7 GHz. Two
parallel C-Slots on the patch elements are employed to perturb
the surface current paths for excitation of the dual-band and the
wideband modes. Two switches, implemented using PIN diodes,
are placed on the connecting lines of a simple feed network to the
patch elements. Dual-band modes are achieved by switching “ON”
either one of the two patch elements, while the wideband mode
with an impedance bandwidth of 33.52% is obtained by switching
“ON” both patch elements. The frequencies in the dual-band
modes can be independently controlled using positions and di-
mensions of the C-Slots without affecting the wideband mode.
The advantage of the proposed antenna is that two dual-band
operations and one wideband operation can be achieved using
the same dimensions. This overcomes the need for increasing the
surface area normally incurred when designing wideband patch
antennas. Simulation results are validated experimentally through
prototypes. The measured radiation patterns and peak gains show
stable responses and are in good agreements. Coupling between
the two patch elements plays a major role for achieving the wide
bandwidth and the effects of mutual coupling between the patch
elements are also studied.
Index Terms—C-slot, cognitive radio, patch antenna, reconfig-
urable antenna, slot antenna, small antenna, switched antenna,
wideband antenna.
I. INTRODUCTION
P ATCH antennas suffer from narrow bandwidth which canlimit their uses in some modern wireless applications [1],
[2]; therefore, there is an increasing demand for low-profile,
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easy to manufacture, and multiband/wideband antennas which
can be easily integrated within communication systems. A
variety of studies have come up with different techniques to
achieve wideband operation for printed antennas. Some of
the techniques employed are changing the physical size of
the antenna, modifying the radiator shape to allow current
paths to travel at longer distances (which sometime increases
the antenna size), and adding additional parts such as multi
layers or gaps (which again makes the antenna larger and of
a higher profile). Other techniques include using U-slot array
[3], shorting wall [4], folded shorting wall [5], Y-V Slot [6],
slots form [7], stacked patch [8], pair of slits on the patch (with
total size of the antenna 150 150 14.3 mm ) [9], E-shaped
patch on thick substrates with ground plane size of 140 210
mm [10] and using circular arc shaped slot on thick substrate
[11]. The designs in [3]–[11] can achieve wide impedance
bandwidths. However, these antennas are large in sizes and
difficult to fit into small and slim devices.
A reconfigurable antenna is another solution to achieve a
wide impedance bandwidth by switching ON and OFF some
parts of the antenna. To allow the operating frequencies and
the bandwidths to be reconfigurable, switching components are
normally used. PIN diodes, varactor diodes or MEMS switches
are the most frequently used components in the design of recon-
figurable antennas [12]–[15]. In literature, few papers reported
the approach of switching between wideband and narrowband
operations. For example in [16]–[18], studies were done on
switching between dual ports, one port for Ultra Wideband
(UWB) and the other port for a single narrowband. However,
the use of an UWB antenna for multiband applications could
result in unwanted emissions in the transmission mode.
In this paper, a single-feed reconfigurable wideband and
multiband antenna using two patch elements on a planar
structure is proposed. Two C-Slots are employed on the patch
elements for excitation of the dual-band and wideband modes.
Two PIN diode switches are placed on the connecting lines
of a simple feed network to the patch elements. Dual-band
and wideband-mode operations are obtained by switching
“ON/OFF” the two patch elements. The antenna can be used
for narrowband applications such as the WLAN and WiMAX
and wideband operations in the frequency range from 5 to
7 GHz for other wireless standards. The design eliminates the
need for using two ports as proposed in [17], [18] and increases
the number of possible frequency bands from one to four. The
0018-926X/$26.00 © 2011 IEEE
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Fig. 1. Configuration of proposed antenna with dc biasing networks.
TABLE I
DETAILED DIMENSIONS OF PROPOSED ANTENNA (UNITS IN mm)
volume of the proposed antenna, including the ground plane
and the substrate, is 50 mm 50 mm 1.57 mm. The design
can also be used for cognitive radio applications as described
in [19].
II. ANTENNA CONFIGURATION AND DESIGN PROCEDURE
Fig. 1 shows the schematic diagram of our proposed recon-
figurable antenna which consists of two patch elements (patch
elements #1 and #2) with a simple feed network, two PIN-diode
switches and two chip capacitors all on one side of the substrate
and a ground plane on the other side of the substrate. The com-
plete antenna is designed using the EM simulator, HFSS V.11.2,
based on finite elements modeling (FEM) and fabricated on an
FR-4 substrate with thickness of 1.57 mm and a relative permit-
tivity of . The key antenna parameters of the antenna
are shown in Table I.
The dimensions of the patch elements of the antenna are op-
timized to operate in the 5.5-GHz WLAN band. Since cutting
a slot on the radiator can change the current distribution and
the current path, and hence improve the impedance matching
especially at higher frequencies, as discussed in [20] and [21],
in our design, we use two C-Slots on the two patch elements,
as shown in Fig. 1, to generate a wide impedance bandwidth
and to create multiple resonant frequencies. The feed network
has a main 50- feed line and two connecting lines which have
been optimized, in terms of impedance bandwidth, to have a
line impedance of 63 . Two PIN diodes are placed on the con-
necting lines to the patch elements and used as switches. Just
to prove our design concept, we have used the practical PIN
diodes, SMP1320-079 from Skyworks Solutions Inc. with a size
of 1.5 0.7 mm , as the switches. In computer simulation, these
two diodes are modeled using the resistance, inductance, and
capacitance (RLC) boundary sheet which gives 0.9 as the
impedance value of the PIN diode in the ON state and 0.3 pF
as the capacitance value in the OFF state. These PIN diodes are
turned “ON/OFF” using a dc biased signal, so two coupling chip
capacitors ( and ) each with 10 pF are used to prevent the
dc signal from flowing to the main feed line but allow the RF
current to pass through. The biasing networks for the two PIN
diodes are also shown in Fig. 1, where the inductors , ,
and , all with 12 nH, are used as radio-frequency (RF) chokes
to provide high impedance for the RF signals. The resistors, ,
, and , each with 10 , are used to control the dc bi-
asing current to (or dc biasing voltage of about 0.7 V across) the
PIN diodes. These lumped components will have insignificant
effects on the antenna performance because the impedances of
the RL circuits are much higher than the impedance of the an-
tenna, allowing very little currents to flow through.
III. SIMULATION AND MEASUREMENTS RESULTS
A. Impedance Bandwidth for dB
The two PIN diodes provide three possible and useful
switching states, i.e., ON-OFF, OFF-ON, and ON-ON states
(note that the OFF-OFF state has no practical use). Simulation
tests using the HFSS have been carried out on the impedance
bandwidth (for reflection coefficient dB) of the
antenna in different states. In the OFF-ON state, only patch el-
ement #2 is ON and functioning. Simulation results in Fig. 2(a)
show that a dual-band is obtained at 5.6 and 6.2 GHz, with
the respective bandwidths of 5.2% and 4.85%. In the ON-OFF
state, only patch element #1 of the antenna is ON and radiating.
The results in Fig. 2(b) show that another dual-band mode is
obtained at 5 and 5.7 GHz, with the corresponding impedance
bandwidth of 4.2% and 2.4%. In the ON-ON state, both patch
elements are radiating. A wide bandwidth of 33.52%, covering
the frequency range from 4.99 to 7 GHz, is obtained as shown
in Fig. 2(c). To validate the simulation results, the proposed
antenna has also been fabricated and the in the ON-OFF,
OFF-ON, and ON-ON states have been measured using Ag-
ilent N5230A vector network analyzer. Results are shown in
Fig. 2(a)–(c) for comparison. It can be seen that the simulated
and measured results are in good agreements. The small dis-
crepancies between the simulated and measured results could
be attributed to the fabrication accuracy of the prototype.
B. Effects of C-Slots
Multiband operation of the antenna is achieved mainly by the
C-Slots on the patch elements. Simulation tests have been car-
ried out to study the of the antenna without the C-Slots in the
ON-OFF and OFF-ON states. Fig. 3 compares the with and
without the C-Slots in the patch elements. In the ON-OFF state
when patch element #1 is active and patch element #2 is OFF,
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Fig. 2. Simulated and measured   of proposed antenna in (a) OFF-ON, (b) ON-OFF, and (c) ON-ON states.
Fig. 3. Effects of C-Slots on   in (a) ON-OFF and (b) OFF-ON states.
Fig. 3(a) shows that, without the C-Slots, the antenna has a reso-
nant frequency at 5.6 GHz. While with the C-Slots, a dual-band
is generated at 5 and 5.7 GHz. In the OFF-ON state when patch
element #2 is turned ON and patch element #2 is OFF, Fig. 3(b)
shows that the antenna without the C-Slots has a single band
at 5.55 GHz. While with the C-Slots on the patch elements,
a dual-band is generated at 5.6 and 6.2 GHz. Therefore, the
C-Slots on the patch elements help generate a dual band. More-
over, simulation results have also shown that the widths and the
lengths of the patch elements determine the centre frequencies
in the single-band cases. While the positions and dimensions
of the C-Slots on the patch elements determine the centre fre-
quencies in the dual-band cases. The simulated-frequency bands
generated with and without the C-Slots in our design are sum-
marized in Table II.
C. Current Distributions
Cutting slots on the radiator of an antenna can change the
current path and so can be used to generate dual-band or even
multiple-bands operations. In our proposed design, if the slots
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TABLE II
GENERATED BANDS WITH AND WITHOUT C-SLOTS
Fig. 4. Simulated current distributions in (a) OFF-ON and (b) ON-OFF states.
are absent, the antenna will have only one major current path
on each of the patch elements. However, in the presence of the
two C-slots, the current path on each of the patch elements is
disturbed, hence creating the dual-band operation. Fig. 4 shows
the simulated current distributions on the patch elements in dif-
ferent switching states. In the OFF-ON state, patch element #2
is radiating and patch element #1 is OFF. Fig. 4(a) shows that
the current travels around the C-Slot on patch element #2, as ex-
pected, generating the resonant frequencies at 5.6 and 6.2 GHz
as shown in Fig. 2(a) for the WLAN 802.11a/h/j/n applications.
In the ON-OFF state, only patch element #1 is ON and radi-
ating and patch element #2 is OFF. Fig. 4(b) shows that the
current travels around the C-Slot on patch element #1, gener-
ating the dual band at 5 and 5.7 GHz as shown in Fig. 2(b),
for the WLAN 802.11a/h/j/n applications. The dominate cur-
rent paths for OFF-ON and ON-OFF states are shown in Fig. 4.
These paths correspond to approximately , where is the
wavelength at the resonant frequency of the respective band and
given by , with being the free space
wavelength. The 6.2-GHz band in the OFF-ON case is gener-
ated from a higher order mode. In the ON-ON state where both
patch elements are ON, the wideband operation is obtained by
coupling which will be explained later.
D. Measured Radiation Patterns and Gains
The radiation patterns of the antenna have been measured
using the Small Antenna Radiated Testing Range (SMART) at
the National Physical Laboratory (NPL), with results normal-
ized to the maximum values. Figs. 6–8 show the measured and
simulated co- and cross-polarization patterns of the antenna in
different switch states at several frequencies across the oper-
ating bandwidth.
In the OFF-ON and ON-OFF states, the radiation patterns at
the pair-resonant frequencies of 5.6 and 6.2 GHz, and 5 and
5.7 GHz, respectively, are used for comparison. In the ON-ON
state where the antenna has an operation bandwidth from 5 to
7 GHz, the radiation patterns at the extreme frequencies of 5
and 7 GHz and the middle frequency of 6 GHz are studied.
From the current distributions shown in Fig. 4, it can be seen
that the directions of the dominant currents at the frequencies
studied are mainly in the -direction, so the - and - planes
are the - and -planes, respectively. As a result, the co-po-
larization patterns in Figs. 5–7 are all relatively unidirectional
toward the -direction with small back radiation due to the fi-
nite ground-plane size. The high cross polarizations at 5.6 and
5.7 GHz in the OFF-ON and ON-OFF states are due to high
current concentration in the -Directions. Some minor discrep-
ancies occur between the simulated and measured results, which
could be due to the effect of the coaxial cable connected to the
antenna during measurements.
The peak gains of the antenna at different frequencies are be-
tween 3 and 5 dBi in different switching states and summarized
in Table III. The simulated radiation efficiency of the antenna in
the ON-ON state ranges from 60% to 70%.
IV. INDEPENDENT CONTROL OF EACH BANDS
To design antennas with multiple-band operations, it is de-
sirable to have independent-frequency controls on the frequen-
cies. Achieving this option is very challenging. Very often, when
one parameter is changed, all the frequency bands are affected
[22], [23] and the antenna needs to be completely re-optimized.
Sometimes, the shape of the designed antenna has to be sig-
nificantly changed, causing a lot of inconvenience in designing
wireless devices.
Results in previous sections have shown that, in the ON-OFF
and OFF-ON states, the C-Slots on the patch elements of the
antenna can be used to generate two frequency bands for dual-
band operation. Here, we show how to use the C-Slots to in-
dependently control the frequency bands for dual-band opera-
tion without affecting the wideband operation. In the ON-OFF
state, the simulation results in Fig. 8(a) shows the effects of
changing the length in the slot of patch element #1 on the
lower band of the dual band. It can be seen that increasing
moves the 5-GHz band lower but keeps the 5.7-GHz band fixed
(Note, is kept fixed here). Fig. 8(b) shows that the effect of
changing and together on the higher band of the dual
band. Here, reducing and together moves the 5.7-GHz
band to a higher frequency band, yet the 5-GHz band remains
unchanged. In the OFF-ON state, Fig. 9(a) shows the effects of
changing the size of , indicating that the length of can be
used to move the lower band (at around 5.6 GHz), yet keeping
the 6.2-GHz band fixed. Finally, Fig. 9(b) shows that changing
the distance (i.e., moving and together closer or further
from while keeping the same) can shift the higher band
(at around 6.2 GHz) to a higher or lower frequency band, yet
maintaining the 5.6-GHz band. It should be noted that, in some
cases, after fixing the frequency of the band, we may need to
optimize the other parameters of the antenna to achieve the de-
sirable . These results show that we can independently con-
trol the frequencies of the dual bands by using the C-Slots on
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Fig. 5. Simulated and measured Co and X-pol in   and -planes in OFF-ON state at (a) 5.6 GHz and (b) 6.2 GHz.
Fig. 6. Simulated and measured Co and X-pol in   and -planes in ON-OFF state at (a) 5 GHz and (b) 5.7 GHz.
Fig. 7. Simulated and measured Co and X-pol in   and -planes in ON-ON state at (a) 5 GHz, (b) 6 GHz, and (c) 7 GHz.
Fig. 8. In ON-OFF state: (a) effects of  on lower band of dual band and (b) effects of and  together on higher band of dual band.
TABLE III
MEASURED PEAK GAINS
the patch elements. Simulation results have also shown that the
wideband performance in the ON-ON state is not affected when
these narrow bands are moved to other frequencies. This degree
of freedom further enhances the antenna capability. More simu-
lation tests have shown that the maximum frequency separations
that can be achieved between the dual-band in the ON-OFF and
OFF-ON states are 130 MHz (5.45–5.58 GHz) and 150 MHz
(5.94–6.09 GHz), respectively.
Based on the above discussions, we propose the following
simple guidelines to design an antenna for dual-band operation
at desirable frequencies:
1) Optimize the dimensions of the main radiator (the patches
without C-Slots) to operate in the 5.6 GHz band.
2) Set the dimensions and positions of the C-Slots in conjunc-
tion with the discussion provided in Section III-C.
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Fig. 9. In OFF-ON state, (a) effects of   on lower band of dual band and (b) effects of  on higher band of dual band.
Fig. 10. Antenna with absorber to remove coupling effects (a) Top view and (b) side view.
Fig. 11. Reflection coefficient (  ) with absorber in (a) ON-OFF (b) OFF-ON, and (c) ON-ON states.
3) Adjust the locations and dimensions of the C-Slots on each
patch elements to achieve the desirable dual bands. Since
they can be independently controlled, this can be easily
achieved.
4) Optimize the dimensions of the feed network to the patch
elements, which is essential for wideband operation.
5) Attach the switches and coupling capacitors at the loca-
tions given in Fig. 1.
V. EFFECTS OF COUPLING
Previous results have shown that when both patch elements
are ON, the antenna has a wide bandwidth. This must be the
results of mutual coupling between the patch elements, which
is examined here. To study the coupling effects between the 2
patch elements, we place an EM wave absorber (high lost ma-
terial) between the 2 patch elements in the simulation model
as shown in Fig. 10(a)–(b) to remove the coupling effects and
simulate the impedance bandwidth using in the ON-OFF,
OFF-ON and ON-ON states.
With patch element #1 turned ON, patch element #2 turned
OFF, and the coupling effect from element #2 to element #1 min-
imized by the absorber, the simulated is shown in Fig. 11(a).
For comparison, the simulated without the absorber, i.e.,
with coupling, is also shown in the same figure. It can be seen
that the differences in , particularly near the dual frequency
bands, are quite insignificant, indicating that the coupling be-
tween the two patch elements is very small for this case. With
patch element #1 turned OFF and patch element #2 turned ON,
the simulated with and without the absorber are shown in
Fig. 11(b). The differences in near the dual-frequency bands
are slightly noticeable. Nevertheless, it is insignificant and so
the coupling between the two patch elements is still very small.
With both patch elements #1 and #2 are ON, i.e., in the ON-ON
state, the simulated with and without the absorber are shown
in Fig. 11(c). It can be seen that the mutual coupling between
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the 2 elements is much stronger and significantly reduces the
to less than dB across the whole frequency band. As a
result, the operation bandwidth of the antenna is much wider.
VI. CONCLUSION
A reconfigurable multiband and wideband patch antenna,
employing dual-patch elements and C-Slots with a compact
volume of 50 50 1.57 mm , has been presented and studied
using simulation and measurement. Two PIN diode switches are
used to switch ON and OFF two patch elements to operate the
antenna in two different dual-band modes or a wideband mode
(with a bandwidth of 33.52%). The frequencies in the dual-band
modes can be independently control using the C-Slots without
affecting the wideband performance. Simulation results have
shown that the wideband performance is achieved by the
coupling effects between the patch elements. The measured
and simulated results have shown that radiation patterns across
5–7 GHz are stable in different modes. The main advantages of
the proposed antenna include low profile, lightweight and easy
to fabricate simple structure targeting future smaller wireless
communication devices.
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